Leaf elongation rate, water potential, and osmotic potential were measured in the fifth leaf of maize (Zea uins L.) plants growing in soil from which water was withheld for varying times Elongation occurred in the basal region, which was enclosed by other leaf sheaths. When water was withheld from the soil, leaf elongation decreased and eventuafly ceased even though enough solutes accumulated in the elongating region to maintain turgor virtually constant. In the exposed blade, however, turgor was lost and wilt symptoms deveoped. If the night was prolonged, the elonating region lost much of its ability to accumulate solute, which suggests that the accumulating solutes were of recent photosynthetic origin. Under these condit, leaf elongation was restricted to higher water potentials than under the usual photoperiodic regime.
The solute accumulation and turgor maintenance of the elongating region at low water potentials indicate that differences in water status and physiological behavior exist along grass leaves and that the water status of the elongatng region cannot be inferred from measurements on the exposed blade. The increased sensitivity of leaf elongation to low water potentials in prologed darkness indicates that accumulation of solute and maintenance of turgor play a role in maintaining leaf growth. However, the inhibition of elongation that occurred even when solute accumulation was sufficient to completely maintain turgor indicates that some factor other than photosynthate supply and turgor glso affected growth and caused most of the losses in growth under dry conditions. Low water potentials in soil can, in principle, be compensated by low osmotic potentials in plants, thus maintaining free energy gradients for water uptake from the soil. Osmotic potentials are lowered when solutes accumulate in cells, and such osmotic adjustment has been observed in roots (14, 23) , stems (19, 20) , and leaves (1, 10, 11, 13, 15, 16, 21, (22) (23) (24) (25) of plants growing in water deficient soil. Much of the solute is derived from recent (1) or stored (19) photosynthate.
In leaves of grasses, osmotic adjustment has been reported to maintain leaf turgor diurnally (1) , but at water potentials low enough to inhibit growth, turgor declined (1, 5, 6, 13, 22, 23) . Much of this work involved measurements of water status in the exposed, nongrowing blade rather than the basaL elongating part of the leaf. Munns et al. (22) showed differences in osmotic adjustment in elongating and mature leaves of wheat having low water potentials and Matsuda and Riazi (17) All measurements were made on the fifth leaf from the bottom of the plant 20 d after planting (Fig. 1) .
Desiccation Treatments. For most experiments, five plants were desiccated to varying degrees by withholding water for as long as 120 h prior to the measurements.
Growth Measurements. Elongation of the entire leaf was measured as the increase in length between the leaf tip and the soil during the normal 14-h light period or the 10-h dark period in the controlled environment chamber on the 20th d after planting.
The profile of elongation along the leaf was measured by placing small holes through the leaf at 1-cm intervals with a pin. The holes were made by pushing the pin horizontally through the entire plant, starting at the soil surface, and extending to the leaf tip. After growth for 14 h during the light period or 10 h during the dark period on the 20th day after planting, the plant was dissected and the position ofeach hole determined. The elongation in a particular region ofthe leafwas considered to be the increased distance between successive holes during the growth period.
Water Potential and Osmotic Potential Measurements. Immediately after elongation of the entire leaf had been measured, the same leaves were sampled for determinations of water potential and osmotic potential. Segments of leaf tissue were cut from several positions along the leaf blade. For certain experiments, only three sample positions were used: 2 cm immediately adjacent to the ligule, 2 cm immediately adjacent to the first sample, and 2 cm close to the leaf tip (positions a, b, c in Fig. 1 ). For other experiments, samples were obtained at positions throughout the leaf. The leaf segments were placed on the bottom and sidewall of thermocouple psychrometer chambers (8) that had been coated with melted and resolidified petrolatum (4) . All tissue manipulations were carried out in a humid chamber that kept evaporation to a minimum after the tissue had been excised. Measurements of water potential were made by isopiestic technique (3, 8) , and were corrected for heat of respiration (2) . After determining the water potential, the psychrometer chamber was removed and quickly sealed, frozen for 5 min on dry ice to rupture cell membranes, thawed, and placed again in the thermocouple system for a determination of osmotic potential. The osmotic potential was measured by isopiestic technique in a fashion similar to the water potential.
Tissue turgor was calculated from the difference between the water potential and the osmotic potential.
Replication. Experiments were repeated at least three times with virtually the same results. The reported data are individual determinations.
RESULTS
After 20 days of growth, 50 to 80%1o of the fifth leaf was exposed to light. The remainder of the leaf (sheath, ligule, lower part of blade) was enclosed by the sheaths of older leaves (Fig. 2) . Elongation was localized at the leaf base regardless of when the measurements were made during the photoperiod or how long water was withheld (Figs. 2, A and C). There was no evidence of elongation farther than 6 cm from the base, and the leaf ligule was located in the elongating region at this stage of growth. We sampled for 4w3 at intervals along the leaf by first dissecting away other leaf sheaths. Similar differences between mature and elongating tissue have been observed in barley leaves (17) .
Leaf elongation decreased ( Fig. 2A, 2C ) and 'w was lower ( Fig.  2B, 2D ) if water was withheld from the plants before the leaf was sampled. During the dark period 4w was -5 bars except in the elongating region where it was -7 bars after water had been withheld 96 h (Fig. 2B ). During the light period, Aw was -7 to -9 bars except in the elongating region where it was -8.5 bars after water had been withheld 96 h (Fig. 2D) .
The localized elongation and 4w in the elongating region required that those parameters be evaluated in that region in order to determine whether there was a relationship between them. As water was withheld, growth,Aw, and As decreased in the elongating region (position a, Fig. 1 Turgor was constant in the tissue adjacent to the elongating region at night but not during the day (Figs. 3B and 4B, insets). In the leaf tip, turgor decreased substantially and symptoms of leaf rolling and wilting were observed at the most severe desiccation levels both during the night and the day (Figs. 3C and 4C, insets). It has been demonstrated that leaf blades of sorghum exhibit light-dependent sugar accumulation during the day, which lowers the leaf osmotic potential (1) . If these photosynthetically derived sugars contribute to the.osmotic adjustment observed in the elongating region at the base of maize leaves, it should be possible to deprive the plants of light and observe a decreased accumulation of solutes in the elongating region. After water was withheld, the change in osmotic potential became progressively less than the change in water potential when the normal 10-h dark period was 3Abbreviation: 4w, water potential; 4,, osmotic potential. extended to 48 h (Fig. 5) . Turgor was constant at 5 bars at all 'w during 10 h of dark but decreased to 2 bars at low 'w during 48 h of dark (Fig. 5C ). Elongation also decreased (Fig. 5) as the dark period became prolonged and was more inhibited by low water potentials in the longer dark periods (Fig. 6 ). In particular, elongation occurred slowly at 'w of -8.5 bars after 10 h of dark but was completely inhibited at this 4w after 48 h of dark (Fig. 6 ). This increased sensitivity coincided withhigher osmotic potentials and less ability of the elongating region to maintain turgor at low '6w (Fig. 6, inset) .
DISCUSSION
The elongating region of maize leaves showed a marked ability to compensate osmotically for decreases in 'w. Whether maintenance that permitted a certain amount ofgrowth. The other resulted in the large inhibition that was present even though solute accumulated, turgor was maintained, and low growth occurred. Some factor other than solute (photosynthate) availability and turgor must have contributed to this latter growth response. Although the nature ofthis factor is unknown, it may apply generally to growth at low 44, since soybean stems (19) and rice leaves (11) behave similarly. The uniqueness of 4C, 4,, and turgor in the elongating region of the maize leaf suggests that these properties are associated with the growth process and must be measured in the enlarging region if the relationship between growth and water status is to be understood. In particular, turgor in the exposed leaf blade is probably less regulatory than previously supposed (1, 6) and neither 4w nor turgor in the elongating region can be inferred from the exposed blade.
The low s,P of the elongating region is situated between regions of the plant having higher 4, ie. the roots and the mature leaf blades. Water movement into the elongating region is not in opposition to the 4 gradient along the leaf, however. Anatomically, the vascular system is continuous through the elongating region (12) and it is probable that the gradient in potential in the vascular system is consistent with the known flow of water to the leaf blade. Thus, the unique low of the elongating region would be associated with tissue outside the vascular system, as has been suggested by Molz and Boyer (20) Fig. 1 ).
after excision and turgor would fall with a resultant decrease in 4A. However, growth-induced 4. have been observed in attached leaves (5, 7) and attached stems (9) . Futhermore, water potentials from these tissues when attached and detached differed by less than a bar (5, 7, 9) . We were unable to make this comparison in the present work because access to the leafbases was only possible after excision of overlying tissue and the basal tissue itself. Inasmuch as excision had so little effect on the water potential of growing tissue of other species (5, 7, 9) , it is unlikely to affect the conclusions presented here.
We therefore suggest that low 4 inhibits the growth of leaves of grasses for some reason other than loss in turgor or lack of substrate for the growth process. The turgor and substrates nevertheless permit slow growth when none would otherwise occur. The elongating region, protected from transpiration by the external sheaths of older leaves, has a water potential that reflects both the water potential of the vascular supply and the water potential that supports the growth process. At the same time, water moving to the blade can travel by way of the vascular system-a low resistance path-and therefore only moderate vascular gradients are required. The protection of the growing tissue from direct transpiration may be unique to monocotyledonous plants having a morphology similar to that of the grasses and may be an adaptation to dry conditions. Moreover, growth-induced 4A and complete turgor maintenance under dry conditions in immature tissue appear to be of wide occurrence in higher plants and may be fundamental to the growth process.
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